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Main concerns

1) Information distribution between system and environment

2) Information feedback and non-Markovianity

Model and caseModel and case

1) Dephasing channel and non-Markovian channels

2) Pure and mixed input states

SummarySummary



Various measures of correlations

Entanglement:Mutual information
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Distribution of correlations in multipartite systems

Monogamy of entanglement:
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Strong subadditivity inequality of entropy:
D. Petz, Rep. Math. Phys., 23(1):57–65, 1986.

Mutual information: ):():( BAIBCAI ≥Mutual information: ):():( BAIBCAI ≥

Classical correlation: polygamy;   Quantum discord?



Dynamics of entanglement under decoherence

Entanglement preservation 
under decoherenceunder decoherence

Tong, An, Luo, Oh, PRA 81, 052330 (2010)



Dynamics of entanglement
under decoherence (cont.)

Measure the non-Markovianity via entanglement oscillation

( )

A Ri S F H l d M B Pl i PRL 105 050403 (2010)A. Rivas, S. F. Huelga, and M. B. Plenio, PRL 105, 050403 (2010)



Dynamics of quantum discord
under decoherence

a) Robustness to sudden death

W l tWerlang etc., 
PRA 80, 024103 (2009)
Maziero etc., PRA 2009Maziero etc., PRA 2009

b) Could quantum discord be exploited to detect/measure 
non-Markovianity?o a ov a ty?

Always be decreasing under local 
trace-preserving CP map or not?trace-preserving CP map or not?



Dynamics of quantum discord
under decoherence (cont.)( )
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Adoptability?p y



Einselection and Quantum Darwinism

Question: How does the classical world arise from 
an ultimately quantum substrate?an ultimately quantum substrate?

Copenhagen interpretationCopenhagen interpretation

devices and observers:
New orthodoxy:

classical

S t t
Quantum Darwinism: 

System: quantum einselection 
(environment induced superselection)

‘‘No [quantum] phenomenon is 
a phenomenon until it is a 

recorded (observed)recorded (observed) 
phenomenon.’’ W.H. Zurek, RMP 75, 715 (2003)



Einselection and Quantum Darwinism (cont.)

E
Different roles of the environment:

S

E
Role 1: decoherence

S Destroys coherence of the quantum system, 
leading to loss of its information

Role 2: einselection

Monitor the system, leading to 

environment‐induced 
superselection: y , g

superselection and broadcasting 

of the information

essential element of 
Quantum Darwinism

of the information



Einselection and Quantum Darwinism (cont.)

SystemI. Establish correlations between 
the apparatus and the system

II. local 
dephasing

I. controlled unitary 
transformation
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III. Correlations associated with pointer states is selectively proliferated and 

pointer bases

p y p
observers obtain the information by probing fragments of the environment 



Information transfer during decoherence: motivation

1) Distribution of mutual information
S

Pure:

Mixed:
A

Mixed:

2) Choice of pointer bases --> information transfer

ε
2) Choice of pointer bases  information transfer 

Quantum mutual 
i f i

vs
correlationinformation See poster by Bo You

3) Measure non-Markovianity via information feedback

MI versus EoF; pure versus mixedMI versus EoF; pure versus mixed



Local dephasing channel

Model: Kraus operators:
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Information transfer under local dephasing channels

Pure initial state; zero-temperature environment
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Information transfer under local dephasing channels: 
mixed initial states

0 0( 0 ) d
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t → ∞
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Optimal pointer state 
i i i ( )I S A

Measurement responsible 
maximizing ( : )I S A for quantum discord



Information transfer under local dephasing channels: 
mixed initial states (cont.)
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Information transfer under local dephasing channels: 
mixed environment
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Strong subadditivity inequality whole system: 
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Divisible condition and non-Markovianity

Dynamical map of dissipative process:
:    CP maps p

preserving trace

Divisible:

Markovian

Entanglement:  monotonically decreasing



Information flow and non-Markovianity

Monotonicity of mutual information under divisible map:

ρ

Strong subadditivity inequality:
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Strong subadditivity inequality:
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Information transfer in non-Markovian dynamics: 
model

Model and dynamics:

zero‐temperature environmentp



Information feedback and non-Markovianity
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Information feedback:
1) I(S:A) increases;  2)             decreases  ):( εSI
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Information feedback and non-Markovianity (cont.)

comparison of MI, EoF, and QD

EoF QD

MIMI



Information feedback and non-Markovianity: mixed 
initial states

Werner states:
1 Separable when

,
4
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Non-Markovianity without 
l ill ientanglement oscillation
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Information feedback and non-Markovianity: mixed 
initial states (cont.)( )
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Information feedback and non-Markovianity: open 
issue

S

Question:Question:
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Non-Markovianity?y
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In the case of mixed environment:
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Seems to be not.



Information feedback and non-Markovianity: open 
issue (cont.)( )

Measure non-Markovianity via information feedbackMeasure non Markovianity via information feedback 
with optimal pointer bases:

?



Summary

• Information transfer and distribution under dephasing channels

1) Pure initial states & mixed initial states; ) ;
2) Zero temperature & mixed environment

• Information transfer during non-Markovian dynamics

1) Detection of non-Markovianity: EoF vs. MI) y
2) Information distribution and non-Markovianity



Thanks for your attention!


